Response inhibition is a process of motor control and related to the suppression of the action. The role of inhibition in many studies remains an issue of debate, most researchers nevertheless agree that some sort of inhibition mechanism is involved in the deliberate cessation of a motor response. Therefore, stop-signal task has been designed to investigate the response inhibition. Other aspects also encourage the importance of this study, because deficits in response inhibition is an essence in a variety of neurological disorders such as schizophrenia and attention deficit hyperactivity disorder (ADHD). The aim of present study is to examine the brain modulation of left and right-hand response inhibitions with electroencephalography (EEG). The results indicate response inhibition related neural signatures including the N200 and P300 waves in the frontal, central and parietal regions. This work accomplishes that the independent nature of the inhibitory control of the left-and right-hand.
Introduction
The response inhibition is generally evaluated by a Go/No-Go experimental paradigm or Go-Stop signal task. In these experimental models, participants have to respond to the target stimuli in the Go signal, and withhold their response in (No-Go) or stop signal position. We used a modified stop signal task to test response inhibition in stop trials and the pattern of brain activity at the time of stopping . Previous studies have suggested that a common neural network area is involved in inhibitory control, such as the prefrontal, central cortex, and medial areas (Kramer et al., 2013; Kenner et al., 2010; Chambers et al., 2009; Picton et al., 2007; Rubia et al., 2001 ). On the other hand, different studies have argued that targeted neural networks are responsible for separate physical reactions. For instance, research findings have pinpointed specific some Go-trials reveal bilateral activation with a predominant left hemisphere involvement, while Stop trials exhibit right hemisphere dominance (Rubia et al., 2001) . A previous study of response inhibition and switching had mostly evaluated the performance of right-handed test subjects, with only limited data being available on left-handed people. It is understood that both groups have distinctive activation patterns such as left-handed subjects showing less hemispheric asymmetries than right-handed people when performing complex motor tasks (Vingerhoets et al., 2012; Reid and Serrien, 2012; Klöppel et al., 2007; Solodkin et al., 2001) .
Over the past decade or so, an increasing number of researchers in the fields of cognitive neuroscience have been focusing their energies on understanding the brain activity changes and neural mechanisms that underlie the all-important response inhibition mechanism (Kramer et al., 2013; Jimura et al., 2014; Veit, 2015) . That a growing body of research is focused upon response inhibition is not surprising, given the importance of inhibitory function as a feature of executive control that oversees our physical interactions with the world around us . And although the exact role of inhibition in many experimental paradigms remains a topic of debate, most researchers nevertheless agree that some sort of inhibition mechanism is involved in the deliberate cessation of a motor response. As a means by which to investigate the response inhibition mechanism, a growing number of researchers have come to rely upon the 'stop-signal paradigm' as the most appropriate tool for application in a neural laboratory setting . Joining the ongoing flurry of research is this current study of the auditory stop-signal paradigm, which Logan (1994) , among others, has esteemed especially relevant during rapid changes in environmental constraints. Consider, for instance, the importance of cessation for the unfocused pedestrian who is about to step off the curb into traffic, the speeding driver coming upon a busy intersection, or the child who has just raised a hand to strike a classmate during supervised playtime in the kindergarten (Serrien et al., 2005) . Other factors also encourage the importance of this work, such as reports that the inability to exert inhibitory control may interfere with the completion of behavioural goals and contribute to neurological disorders such as attention deficit hyperactivity disorder (ADHD) or obsessive-compulsive disorder (Chambers et al., 2009; Aron et al., 2003) .
An electroencephalogram (EEG) study reported by Enriquez-Geppert and her colleagues (Enriquez-Geppert et al., 2010) implemented a combined Go/No-Go and stop signal task as well as different proportions of Go vs. reactive control trials (such as, No-Go and stop trails). The N2/P3 complex is a set of EEG event-related potential (ERP) components that has been associated with reactive inhibitory control processes during the performance of the Go/No-Go and stop signal tasks (De Jong et al., 1990; Dimoska and Johnstone, 2008; Huster et al., 2011; Kok et al., 2004; Liotti et al., 2010; Van Boxtel et al., 2001; Van Gaal et al., 2011) . In this recent study, we developed an experimental design based on the STOP-IT tool using the presentation software package (Neurobehavioural Systems, Inc., Albany CA) to study the response inhibition process by quantifying the parameters such as: stop signal delay (SSD), stop signal reaction time (SSRT), and inhibition efficiency in stop-signal paradigm. The current study examined significant transient changes in the brain under inhibitory response of left and right-hand while performing auditory stop signal task.
Materials and method

Participants
The EEG data were collected from five left-and right-handed male volunteers aged 25-30 years old participated in the auditory stop signal task as shown in Figure 1 . All subjects had no hearing or vision impairments. Tone differentiation was established before the experimental tasks. The subjects were well-trained in the experimental procedure and their expected roles before their entering into the EEG data recording room. Once the 32-channel EEG cap was positioned as shown in Figure 2 . The digitiser settings were initialised before starting the EEG signal recording. 
Experimental design of stop signal task
The subject's performance in the stop-signal paradigm is modelled as a race between Go-trials and Stop-trials, which is triggered by the presentation of the go stimulus and the stop signal respectively. Following the convention of the horse-race model of Logan and Cowan (1984) , here the response inhibition succeeds or fails, depending on the relative completion time of two processes that race against each other. When the Stop-trial completes before the Go-trial, the subject's response is inhibited, and when the go trial finishes before the stop trial, the response is emitted. In this paradigm, subjects were performed a choice reaction task (i.e., the primary task); on a random selection of the trials, an auditory stop signal instructs subjects to withhold their response. When the delay between the primary task stimulus and the stop signal delay (i.e., SSD) increases, the probability of responding to Stop-trials increases . 
Stimuli of stop signal task
The subject's performance in the stop-signal paradigm is modelled as a race between Go-trials and Stop-trials, which is triggered by the presentation of the go stimulus and the stop stimulus. The primary task is a shape judgement task that requires subjects to discriminate between a square and a circle as shown in Figure 2 . On Go-trials (75% of the trials), only the primary-task stimulus is presented, and subjects are instructed to respond to the stimulus as swiftly and accurately as possible. On Stop-trials (25% of the trials), the primary-task stimulus is followed by an auditory stop signal, and subjects are instructed to withhold their responses. The primary-task stimuli are a square and a circle. The fixation sign and stimuli are presented in the centre of the computer screen, in white, on a black background. Each Go-trial began with a white central fixation cross (+) for 250 ms, followed by a square or circle symbol for that trial for 1000 ms. However, in a random 25% of trials subjects were presented with an auditory tone binaurally over headphones. This short beep tone for 100 ms acted as the Stop-signal, prompting subjects to inhibit their response to the primary Go-task, regardless of which symbol was presented. Stop-signals were used an equal number of times for each symbol. The delay between the presentation of the visual Go stimulus and the auditory Stop-signal was varied on a trial-by-trial basis using a tracking method which either increased or decreased the SSD by 50 ms for the next Stop-trial, depending on whether the subject successfully inhibited (delay increased) or failed to inhibit (delay decreased) their response to the Go stimulus. The SSD was set to 250 ms at the start of each experimental block. The objective of the tracking method is to converge on an SSD where subjects successfully inhibit on 50% of Stop-trials. This allows SSRT to be estimated by subtracting the critical 50% SSD latency from the mean primary Go-task RT, which is calculated from correct Go-trials.
Operational method of stop signal task
The experiment presentation starts when the participating subject, using a standard keyboard, presses the Enter key after that he is presented with the on-screen task instructions. The response keys are 'Z' (for square, i.e., left-hand response) and '/' (for circle, i.e., right-hand response). The experiment is aborted when the ESC key is pressed. On stop-signal trials, a stop signal is presented after a variable SSD which is initially set at 250 ms, and it is adjusted continuously with the staircase tracking procedure as noted above. Each subject has to complete three experimental blocks with 64 trials in each.
Behavioural data analysis
The stop-signal experiment described in the above section is implemented in Presentation tool v0.70 . The stop signal experiment was performed with five subjects. The behavioural parameters were calculated in go trials such as correct responses, missed responses, and reaction time (RT). The behavioural parameters were investigated in stop trial like as SSD, SSRT for each participant. The SSRT was estimated from the Go-RT calculated from all go trials and the mean SSD derived from all stop-trial like as (SSRT = Go-RT-SSD).
EEG data analysis
The EEG data obtained from five different subjects using a Scan NuAmps Express system (Compumedics USA Inc., Charlotte, NC) and a 32-channel EEG cap using Ag/AgCl electrodes whose arrangement is shown in Figure 1 . To reduce the data size and to remove noise, the data were down-sampled to 500 Hz and filtered with a (1~50 Hz) band-pass IIR filter before further analysis. The EEG data were preprocessed using custom routines in MATLAB R2012b each step are shown in Figure 3 . Independent component analysis (ICA) is an efficient method to remove various kinds of artefacts, such as eye-movement and eye-blink artefacts and indoor power-line noise. The ICA decomposition is a preferred computational method for blind source separation in EEG signal processing (Jung et al., 2001 ). The ICA was performed using functions from the EEGLAB toolbox (10.2.2.4bVersion, Delorme and Makeig, 2004) . Each epoch was extracted concerning the go stimulus, successful stop, and unsuccessful stop beginning at -200 ms before stimulus onset and ranging to 1500 ms post-stimulus onset. The response inhibition mechanisms in the left hemisphere and right hemisphere during left-hand and right-hand responses were investigated by using the ERP results via statistical analysis.
Results
Behavioural outcomes
The mean values of the correct responses were observed 96% in go-trial under left-hand, and right-hand response and missed responses was investigated 4% in go-trial under left-hand and right-hand response. In addition, the average value of the reaction time (RT) was observed 563.93 ms during the left-hand response in go-trial. The mean value of the RT was found 556.61 ms under the right hand response in go-trial. Moreover, the mean value of the SSD was found 330.30 ms, and SSRT was examined 233.63 ms during left-hand response (LHR) inhibition in stop trial. The average value of the SSD was observed 326.52 ms, and SSRT was examined 230.09 ms during the right hand response (RHR) inhibition in stop trial. The inhibition efficiency is a quantitative measure of the probability of correct inhibition in Stop-trials. The inhibition efficiencies of the left-hand response and right-hand response were approached 50%. Using the statistical two-tailed (t-test p ˃ 0.05), it is found that there is no significant difference between the inhibition efficiency values of the left-and right-hand responses. 
Analysis of event-related potentials (ERPs)
The average ERP waveforms from the frontal (F3, F4), central (C3, C4) and parietal (P3, P4) electrodes, obtained in response to go cue and stop signal stimuli, were shown in (Figure 4(A)-(F) ), where the black, blue, and red colour lines represent the time-locked event-related potentials (ERP) observed in successful go, successful stop, and unsuccessful stop trials, respectively. The bold orange colour traces marked on the horizontal axis of ERP plots indicate the significant potential differences between successful go and successful stop trials. While the bold green colour traces on the horizontal axis displays the significant potential differences for the successful go vs. unsuccessful stop trials (p < 0.01) and the dark blue colour marks indicate the significant potential differences for the successful vs. unsuccessful stop trials (p < 0.01). At frontal (F3, F4), central (C3, C4) and parietal (P3, P4) electrodes as shown in Figure 4 (A)-(F), a negative deflection peaking around 200 ms and positive deflection peaking around 300 ms post-go cue was observed in successful go, successful stop, and unsuccessful stop trials. Compared to the go trials, a stop stimulus in two stop trials evoked another significant negative deflection peaking around (400-600 ms), followed by a significant positive deflection peaking around (700-900 ms). The negative deflection peaking around 600ms and the positive deflection peaking around 700 ms is known as the N2 and P3 peaks respectively, both of which were elicited by the stop stimulus onset. A comparison of the ERPs between two stop trials (successful vs. unsuccessful trials), reveal dark blue colour traces on the horizontal axis indicative of (p < 0.01) significant potential differences around 600-800 ms, These suggest that the positive-going wave of the unsuccessful stop trial takes place before that of the successful stop trial. Also worth noting is that the significant potential differences between successful go and successful stop trials (orange colour traces) occurred around 500-700 ms, While the potential differences between successful go and unsuccessful stop trials (dark green colour) took place around 600-800 ms. However, the N2 and P3 effects in frontal (F3, F4), central (C3, C4), and parietal (P3, P4) electrodes were found to be similar during the left-hand and right-hand response inhibition mechanisms in the auditory stop signal task.
Discussions
This present study explores the brain activity changes during response inhibition mechanism in the context of auditory stop-signal paradigm. ERPs and ERSP measure the internal neurophysiological responses in frontal, central, and parietal lobes during lefthand and right-hand response (Delorme and Makeig, 2004) . The reaction times (RT) and probabilities of responding followed the usual pattern observed in stop-signal studies (Logan and Cowan, 1984) . The effects of negative potential N2 and positive potential P3 in successful and unsuccessful stop trials were confirmed (Lansbergen et al., 2007) . We found that in frontal, central and parietal electrodes, the P3 peak appeared earlier in successful stop trials compared to that of unsuccessful stop trials. This finding also extends the horse race model by demonstrating the internal response in the stop signal task.
The P300
We discovered that the P3 peak showed greater amplitude for unsuccessful stop trials than that of successful stop trials in frontal, central and parietal electrodes. This difference may be due to acute stress as shown in Figure 4 . These changes in the P3 amplitude coincide with changes in SSRT or SSD. Therefore, the P3 wave amplitude may reflect the neurophysiological mechanism involved at the time of stopping response; it may also suggest a sensitivity to left-and right-hand preparation. Thus, preparing to could prime the dorsomedial frontal cortex for stopping. Although the P3 peak occurred after stopping process for most subjects, the differences in the P3 wave started to emerge around 300 ms after the stop signal onset, within the time frame of the stopping process. A previous study ) that also reported a P3 amplitude difference between successful and failed to stop noted that the difference reached significance approximately 20 ms before completion of the estimated SSRT. However, P3 is hypothesised to reflect an attentional process that initiates the inhibition mechanism of ongoing activity (Polich, 2007) .With a frontal-central distribution, the P3 peaking approximately 300 ms after stop cue onset in the stop-signal task has been linked to the response inhibition process in stop signal task (Dimoska et al., 2006; De Jong et al., 1990; Kok et al., 2004) . Hence, our results are consistent with those of the researchers above.
The N200
The N2 wave refers to the negative evoked response with its peak around 200 ms after stop signal onset. The N2 waves for successful stop, unsuccessful stop, and go conditions at frontal (F3, F4) central (C3, C4), and parietal (P3, P4) electrodes, were evident from Figure 4 . These results suggest that the frontal, central and parietal brain areas may be highly sensitive to response inhibition mechanism, especially insofar as the N2 wave corresponds to the motor response inhibition. These observed N2 wave effects are consistent with the previous reports (Knyazev et al., 2008; Pfefferbaum et al., 1985; Kok, 1986) . The N2 amplitude pattern replicates a previous study that observed changes in the frontocentral for unsuccessful stop but not successful stopping and also extends the results of two previous studies that reported greater sensitivity to the stop signal for the P3 than the N2 component (Enriquez-Geppert et al., 2010; Ramautar et al., 2004) .
Conclusion
A stop-signal paradigm is used to study the response inhibition mechanisms in the frontal, central and parietal cortex during left-hand and right-hand responses. The stop signal parameters and inhibition efficiency of the left-hand and right-hand responses were investigated in the behavioural analysis to assess the nature of the response inhibition mechanisms. These results were verified further by examining the N200 and P300 wave effects at frontal, central, and parietal electrodes for successful go, successful stop, and unsuccessful Stop-trials during left-hand and right-hand responses using ERP analysis. From these results, the statistically independent nature of the inhibition mechanisms of the left-hand and right-hand responses in the frontal, central, and parietal brain areas is evident.
